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E L E  CTR I CAL ENCLOSURE 
HYDROGEN INTRUSION STUDY 

t. 

by Peter J .  Welch and  John N .  Yantsios 
John F .  Kennedy Space Center 

INTRODUCTION 

During the Apollo, Skylab, and Apollo-Soyuz Test Project (ASTP)  manned 

space f l i gh t  programs a t  the Kennedy Space Center (KSC), the communications 

and e lectr ical  enclosures a t  Launch Complex 39 (LC-39) were purged with gaseous 

nitrogen. As a cost  saving measure for  the Space Shuttle program, i t  has been 

proposed t h a t  the enclosures be purged with d ry  a i r  instead of gaseous 

nitrogen. 

The purging of the LC-39 Ground S u p p o r t  Equipment (GSE) serves two 

functions: safety and corrosion control. 

For safety,  the gaseous nitrogen ( G N 2 )  purge provides an  iner t  atmosphere 

which minimizes the probability of e lectr ical  f i r e s  and explosions t h a t  could 

erupt from the in f i l t r a t ion  of propellant vapors, such as hydrogen, into the 

GSE. 

For corrosion control,  the GN purge inhibi ts  intrusion o f  the salt-laden 
2 

humid Cape Canaveral atmosphere into the GSE t o  provide a form of preventive 

maintenance. 

The Director of Technical Suppor t ,  KSC, requested t h a t  a study be 

conducted t o  determine whether hydrogen gas, being vented from the Shuttle 

external t a n k  o r  from GSE supply l ines ,  could diffuse into e lec t r ica l  enclosures 

and reach explosive-mixture concentrations. 



To investigate the hydrogen diffusion problem, a three-step program was 

in i t i a t ed .  

diffusion and t o  se lec t  an applicable model for  computer simulation. 

second s tep was t o  verify the model w i t h  laboratory t e s t s .  

was t o  perform a functional t e s t  of a typical e lec t r ica l  enclosure t o  

determine the hydrogen concentrations which could be obtained w i t h i n  the 

e lec t r ica l  box under a i r  o r  G N 2  purge. 

The f i r s t  s tep was t o  conduct a l i t e r a tu re  survey on gaseous 

The 

The final step 

HYDROGEN DIFFUSION MODEL 

Gaseous Diffusion 

Diffusion i s  defined as the process whereby par t ic les  (molecules and 

ions) of l iquids ,  gaseous, o r  solids intermingle as the resu l t  of t he i r  

spontaneous movement caused by thermal agi ta t ion,  o r ,  in dissolved substances, 

move from a region of higher concentration t o  one o f  lower concentration. 

The hydrogen molecule a t  standard conditions has a theoretical average 
5 l inear  speed of 1.84 X 10 cm/sec (approximately 6000 f t / s e c ) .  

However, i n  actual practice,  the hydrogen molecule will only travel a 

few centimeters per second because the individual molecule randomly coll ides 

with and rebounds from other molecules. 

molecule i s  identified by a probability dis t r ibut ion,  Error Function (see 

Appendjx). 

The displacement of an individual 

2 
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Gas d i f f u s i o n  i s  a cont inuous,  never-ending process which i s  dependent 

upon : 

1 )  Phys ica l  c h a r a c t e r i s t i c s  o f  t h e  gases (mo lecu la r  s i z e  and w e i g h t )  

2 )  

3 )  Concent ra t ions  o f  t h e  gases 

4) Elapsed t i m e  

Temperature and pressure  o f  t h e  gases 

=- A n a l y t i c a l  Model 

I n  t h e  hydrogen d i f f u s i o n  a n a l y s i s ,  i t  i s  assumed t h a t  t h e  box t o  be 

purged i s  comple te ly  sea led  except  f o r  t h e  a i r  supp ly  i n l e t  and t h e  purge 

f l o w  o u t l e t  as shown i n  F i g u r e  1. I t  i s  a l s o  assumed t h a t  t h e  box i s  s u b j e c t  

t o  an e x t e r n a l  hydrogen atmosphere. The a n a l y t i c a l  model f o r  t h i s  environmen- 

t a l  c o n d i t i o n  i s  presented by a tube o f  s u f f i c i e n t  l e n g t h  t o  be cons idered 

i n f i n i t e l y  l o n g  (see F i g u r e  2 ) .  I n  t h e  c e n t e r  o f  t h e  tube i s  a diaphragm 

which separates t h e  two ends. When t h e  diaphragm i s  moved a t  t h e  t i m e  T=O, 

t h e  hydrogen c o n c e n t r a t i o n  C (z,T) w i t h  r e s p e c t  t o  d isp lacement  and t i m e  can 

be represented  as shown i n  F i g u r e  3. As t h e  t i m e  increases  a t  T>O, - t h e  

hydrogen d i f f u s e s  i n t o  t h e  a i r  and v i c e  versa as shown i n  F i g u r e  3. 

To t h i s  p o i n t ,  t h e  a n a l y t i c a l  model r e p r e s e n t s  a s t a t i c  (no f l o w )  system. 

To make t h e  model r e p r e s e n t  t h e  purge c o n d i t i o n ,  t h e  minimum purge f l o w  r a t e  

r e q u i r e d  t o  d i s p l a c e  t h e  d i f f u s i n g  hydrogen was c a l c u l a t e d .  

which w i l l  d i s p l a c e  t h e  l e a d i n g  edge o f  t h e  d i f f u s i n g  hydrogen back t o  t h e  

i n i t i a l  h y d r o g e n l a i r  i n t e r f a c e  l o c a t e d  a t  X=O. 

T h i s  i s  t h e  f l o w  

The mathemat ica l  formulae used i n  t h i s  a n a l y s i s  a r e  shown i n  t h e  appendix.  

3 



Hyd r o g e n A tmo s p h e re 

<- Air Flow - Air Supp ly  

F i g u r e  1 
System c o n d i t i o n  f o r  d i f f u s i o n  a n a l y s i s  o f  a box under  purge  
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Hydrogen Gas Air 
of C o n c e n t r a t i o n ,  Co 

I x=o 
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Hydrogen d i f f u s i o n  a n a l y t i c a l  model 
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D i s t a n c e  X 
F i g u r e  3 

Hydrogen c o n c e n t r a t i o n  p r o f i l e  d u r i n g  d i f f u s i o n  p r o c e s s  
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Discuss ion  

A s e r i e s  o f  hydrogen d i f f u s i o n  p r o f i l e s  f o r  t h e  one d imensional  model 

a r e  shown i n  F i g u r e  4. It can be seen t h a t  t h e  p r o f i l e  does n o t  propagate a t  

a cont inuous  r a t e .  T h i s  i s  a l s o  i l l u s t r a t e d  i n  F igures  5 and 6 .  

The decrease i n  t h e  r a t e  o f  d i f f u s i o n  i s  exp la ined  by t h e  f a c t  t h a t  t h e  

amount o f  gas t o  d i f f u s e  i n t o  an area a t  any g i v e n  t i m e  i s  dependent on t h e  

c o n c e n t r a t i o n  o f  t h a t  gas i n  ad jacen t  areas.  

The a n a l y t i c a l  r e s u l t s  i n d i c a t e  t h a t  i t  r e q u i r e s  o n l y  a r e l a t i v e l y  low 

a i r  purge f l o w  r a t e  t o  keep any s i g n i f i c a n t  q u a n t i t i e s  o f  hydrogen f rom 

d i f f u s i n g  back i n t o  t h e  box under purge i f  t h e  purge ven t  l i n e  i s  o f  some 

s i g n i f i c a n t  l e n g t h .  However, i f  t h e  purge vent  l i n e  i s  ex t remely  s h o r t ,  

such as i n  t h e  case o f  seal  l eaks ,  screw ho les  and o t h e r  openings i n  t h e  box, 

then i t  i s  v i r t u a l l y  imposs ib le  t o  p reven t  hydrogen f rom d i f f u s i n g  i n t o  t h e  

box. Th is  i s  i l l u s t r a t e d  i n  F igu res  6 and 7 .  

I f  we cons ide r  t h e  d isp lacement ,  X, t o  be analogous t o  t h e  l e n g t h  o f  

t h e  vent  l i n e ,  o r  a l e a k  pa th ,  i t  can be seen i n  F i g u r e  6 t h a t  as t h e  l e n g t h  

o f  t h e  f l o w  p a t h  approaches zero ,  t h e  r a t e  o f  d isp lacement  (p ropaga t ion )  o f  

t h e  d i f f u s i o n  f r o n t  approaches i n f i n i t y .  T h i s  would be t y p i c a l  where t h e r e  

i s  a l e a k  i n  t h e  box under purge. I n  t h i s  same case, i t  can be seen i n  F igu re  

7 t h a t  t h e  purge a i r  f l o w  must a l s o  approach i n f i n i t y  t o  b l o c k  t h e  hydrogen 

d i f f u s i o n  i n t o  t h e  box. 

DIFFUSION MODEL VERIFICATION TEST 

Ob jec t  i ve 

The o b j e c t i v e  o f  t h i s  s e r i e s  o f  t e s t s  was t o  v e r i f y  t h e  r e s u l t s  o f  t h e  

d i f f u s i o n  a n a l y s i s .  I n  t h e  v e r i f i c a t i o n  t e s t s ,  t h e  c o n c e n t r a t i o n  o f  he l i um 

5 
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Figure 4 

Hydrogen concentration profile for one dimensional diffusion under 
static conditions. 

Analytical conditions: 

Temperature = 24oC (75oF) 
Second Gas = Air 
Initial concentration of hydrogen = 1,000,000 PPM 

Pressure = 1.0 Atmosphere 

@ Distance 0.0 and Time 0.0 Seconds 
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Figure 5 

Displacement of the hydrogen d i f f u s i o n  f r o n t  vs. 
emersion t ime for  one dimensional model under 
s t a t i c  condit ions.  

I'DF" i n d i c a t e s  hydrogen concentration which defines 
d i f f u s i o n  f r o n t .  

A n a l y t i c a l  condit ions:  

Temperature = 24OC (75OF) Second Gas = A i r  
Pressure = 1.0  Atmosphere 
I n i t i a l  Concentration o f  Hydrogen = 1,000,000 PPM 

8 Displacements < 0.0 and Time 50.0 

(Refer  t o  Figures 4 &I 5)  
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Figure 6 

D i f f u s i o n  front  r a t e  o f  displacement vs. displacement 
f o r  one dimenslonal model under s t a t i c  condit ions. 

A n a l y t i c a l  Conditions: 

Temperature = 24% (75OF) 
Pressure = 1.0 Atmosphere 
Second Gas = A i r  
I n i t i a l  Concentration of Hydrogen = 1,000,000 PPM 

8 Displacement X e O . 0  and Time 50.0 
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Minimum Purge Gas (Air) Velocity vs.  Displacement 
Analytical conditions: 

Temperature = 24OC (75OF) 
Pressure = 1.0 Atmospheres 
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diffusing t h r o u g h  a s t a t i c  o r  dynamic stream of nitrogen was measured a t  
various positions along the tube. 

the analytical model. 

The t e s t  resu l t s  were then compared w i t h  

Helium was used as the diffusing medium t o  eliminate the hazards posed by 

hydrogen. I n  the analytical model, a he 

t o  the lack of available helium/nitrogen 
Test Configuration _ =  . 

A schematic drawing of the t e s t  s e t  

ium/argon system was selected due 

diffusion information. 

up  i s  i l l u s t r a t ed  in Figure 8. In 

the t e s t  set-up, the t e s t  box ( an  e lec t r ica l  dis t r ibut ion box) was used t o  

contain the diffusion gas, helium. 

The helium concentration was measured w i t h  a helium leak detector.  The 

detector probe was located a t  various distances,  

horizontal, nitrogen-fil led 1/2-inch tube which was exposed t o  the helium 

environment in the t e s t  box. 

"L", from the end of a 

During the t e s t s ,  which approximated the analytical model under s t a t i c  
conditions, the helium leak detector probe was positioned a t  four locations 

along the 1/2-inch tube. The probe locations were 3 1 / 2 ,  7 1/2,  10 1 / 4 ,  and 

21 inches from the t e s t  port i n l e t  t o  the t e s t  box. 

which are  an average of from two to four similar t e s t  runs, are  shown in 

Figure 9 .  

inches from the t e s t  p o r t  opening. 

Figures 10 and 11 .  

The s t a t i c  t e s t  resu l t s ,  

Dynamic t e s t s  were performed w i t h  the probe located 1 3/8 and 3 

The dynamic t e s t  resu l t s  are  shown in 

A second ser ies  of t e s t s  was performed with a calibrated bleed f i t t i n g  

( P / N  75M02048-2) simi 1 a r  to  those instal  1 ed on the e lec t r ica l  boxes under 

purge (see Figure 1 2 ) .  

f i t t i n g  w i t h  a 3/8-inch elbow and tube. 

was located 8 inches (measured along tube center l i ne )  

bleed f i t t i n g .  The s t a t i c  and dynamic t e s t  resu l t s  are  shown i n  Figures 13 

and 14 .  

The f i t t i n g  was attached t o  a 3/8-inch bulkhead 

In th i s  configuration, the probe 

from the face of the 

io  



.. 
P ^ ^  *- 

, 

W 

Figure 8 

Schematic Drawing of He1 ium Diffusion Test Setup 
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Stat ic  diffusion tes t  results for helium diffusing up a straight (horizontal) tube 
f i l l e d  with nitrogen where: 

L t  - Analytical tube length 
L - Test data for lengths 3, 7 1/2, 10 1/4, and 21 inches. 
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1/2" tube (0.391 inch inside diameter) at a distance of 3 inches. 



Figure 12 

Test box configuration for tests using calibrated bleed fitting- 
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Stat ic  di f fusion t e s t  results f o r  helium diffusing up a tube with a cal ibrated bleed 
f i t t i n g  i n s t a l l e d  where: 

L t  Analytical tube lengths 
L Test data f o r  tube center l ine length of 8 inches 
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30 

Figure 14 

Test results af Dynamic Diffusion Test for bleed fitting configuration where the  
tube length = 8 inches (20.3 an) 

Arialytical Conditions : 
Temperature = 7S°F 
Pressure = 1.0 Atmospheres 
Diffusing Media: Helium/Argon 

* Lines marked 1.0, SOOO., E 10000. PPM indicate analytical 
purge flow required t o  maintain He concentration below 
the indicated Val ue. 

17  



Discussion 

The t e s t  resu l t s  shown i n  Figure 10 tend t o  verify the analytical 

diffusion model under s t a t i c  conditions. 

the tube length, L = 3 inches, the t e s t  data corresponded t o  the analytical  

length, L = 3 1 / 2  inches. 

and 21 inches, the d a t a  corresponded respectively w i t h  analytical lengths 

of L = 8, 11 1 / 2 ,  and 23 inches. 

W i t h  the probe located so t h a t  

In the other three cases where L = 7 1 / 2 ,  10 1/4, 

In the dynamic t e s t s  shown i n  Figures 11 and 1 2 ,  the detected helium 

concentrations remained below the maximum concentration predicted for  a given 

purge gas flow a t  a par t icular  point i n  the t e s t  tube .  

In the s t a t i c  diffusion t e s t  w i t h  the bleed f i t t i n g  attached t o  the t e s t  

p o r t ,  the bleed f i  t i n g  appears t o  add 2 1/2 inches t o  the effect ive length 

of the tube (see F gure 13). 

the f i t t i n g  to  the probe was 8 inches and the t e s t  d a t a  corresponds t o  the 

analytical length of 11 inches. When compared with the resul ts  of the other 

t e s t s  (Figure l o ) ,  the effect ive length of the bleed f i t t i n g  configuration i s  

increased by 2 1 / 2  inches. 

The center l ine  tube length (L )  from the face of 

In the dynamic t e s t  of the bleed f i t t i n g  configuration (Figure 141, no 

increase in helium concentration was detected unt i l  the purge gas flow dropped 

below that  flow predicted to  ma in ta in  the diffusion gas concentration below 

1 PPM. However, the helium concentration exceeded 5000 PPM a t  a gas f l o w  

above that  predicted t o  ma in ta in  the diffusing gas concentration below 5000 

PPM. 
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I t  i s  suspected t h a t  t h e  i r r e g u l a r  (bend ing)  c o n f i g u r a t i o n  o f  t h e  set -up 

caused tu rbu lence  and coun te r  f l o w s  i n  t h e  f l o w  st ream which a l l owed  a h i g h e r  

than p r e d i c t e d  upstream c o n c e n t r a t i o n  o f  he l ium.  

ELECTRICAL ENCLOSURE HYDROGEN INFILTRATION TEST 

Objec t  i ve 

The o b j e c t i v e  o f  t h i s  s e r i e s  o f  t e s t s  was t o  de termine whether an 

e l e c t r i c a l  enc losure  under purge i s  sub jec ted  t o  hydrogen i n f i l t r a t i o n  w h i l e  

surrounded by a hydrogen atmosphere. 

Hazard-proo f ing  ______ and Envi ronmenta l  _____--. P r o t e c t i o n  o f  Equipment - - - b y  . - Pu%, - 

was used t o  d e f i n e  t h e  e l e c t r i c a l  enc losure  c o n f i g u r a t i o n .  

___I -. 

The Design Technica l -  ____ I n s t r u c t i o n  - -_ - - -_ - - f o r  - 

DTI-M-23, 

DTI-M-23 r e q u i r e s  t h a t  haza rdp roo f ing  purges be ma in ta ined  a t  0.5 

t o  1 .0  scfm th rough t h e  enc losure ,  and t h a t  a minimum p o s i t i v e  p ressure  o f  

0.5 i n c h  o f  wa te r  be main ta ined w i t h i n  t h e  enc losure .  These requ i rements  a r e  

met by  p r o v i d i n g  an o r i f i c e d  purge gas supp ly  s i z e d  t o  p r o v i d e  t h e  r e q u i r e d  

f l ow ,  and p r o v i d i n g  a purge b leed  assembly t o  vent  t h e  purge gas w h i l e  

m a i n t a i n i n g  t h e  a p p r o p r i a t e  p o s i t i v e  p ressure  w i t h i n  t h e  enc losure .  

Tes t  C o n f i g u r a t i o n  -_____. 

An e l e c t r i c a l  enc losure ,  c rossover  d i s t r i b u t o r  number 9049A12-2 t h a t  had 

been used a t  LC-39, was ob ta ined  f o r  t h e  t e s t s .  

wh ich  measured approx imate ly  16  inches  b y  12 inches b y  7 inches,was c o n f i g u r e d  

t o  meet t h e  DTI-M-23 f l o w  and ven t  requ i rements .  A c a l i b r a t e d  o r i f i c e ,  75M0465-2, 

and c a l i b r a t e d  b leed  f i t t i n g ,  75M02048-2, were i n s t a  l e d .  

T h i s  enc losu re  (see F i g u r e  15) ,  

A g love  box, measuring approx ima te l y  30 inches  by  18 inches  by  18 inches, 

was used as a c o n t a i n e r  f o r  t h e  hydrogen atmosphere 
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VENT 

I MASS SPECTROMETER G - I R *  FLEXHOSE 

CLOVE 00% 
glover not shorn 1 

ELECTRICAL ENCLOSURE 

CALIBRATED BLEED FIITlNC 
(Ph 79402048) 

( P/'N 75M04615-28) SUPPLY 

Figure 15 

The electrical enclosure,Crossoves Distributor Number 9049Al2-2, 
is shown with the calibrated orfice,P/N 75M04615-2B and the bleed 
fitting,P/N 75M02048-2,installed (top). A schematic drawing of the 
test system is shown (below). 
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Calibration t e s t s  were made on the purge supply f i t t i n g  (P/N 75M04615-2B) 

t o  determine the upstream pressure required t o  flow 0.5 scfm G N 2  through the 

f i t t i n g .  

i n  this application i s  50 p s i g ,  which would flow approximately 0 .7  scfm GN2 

t h r o u g h  the f i t t i n g .  

t o  ma in ta in  0.5 inch of water pressure a t  0 . 5  scfm GN2. 

T h i s  pressure was determined t o  be 28 p s i g .  Normal system pressure 

Prior t o  each t e s t ,  the enclosure cover was adjusted 

Sample por t s  were instal led i n  the enclosure t o  measure the internal 

hydrogen concentration. A mass spectrometer was used t o  measure the con- 

centration of the diffusing hydrogen vapor .  

within the e lec t r ica l  enclosure was measured w i t h  the enclosure in several 

configurations; gaseous nitrogen was used as the purge medium th roughou t  

these t e s t s  rather t h a n  a i r  due t o  the hazards involved w i t h  airthydrogen 

The hydrogen concentration 

mix tures. 

For the f i r s t  hydrogen nf i l t ra t ion  t e s t ,  the e lec t r ica l  enclosure was 

placed horizontally i n  the g ove box with the cover facing upward [see 

Figure 15). A single sample probe was placed i n  the e lectr icql  box,  2 

inches below the cover. 

were also located 2 inches below the cover. 

The purge supply o r i f i ce  and  bleed f i t t i n g  ports 

The e lec t r ica l  box nitrogen purge was maintained a t  0.5 scfm while the 

hydrogen flow was kept a t  1.0 scfm fo r  the 3 1/2 hour t e s t  period. 

resul ts  are  shown i n  Figure 16. 

The 

Before the second t e s t ,  the glove box vent port was moved t o  the bottom 

of the box (See Figure 17)  and d u r i n g  the t e s t ,  the glove box hydrogen flow 

was increased t o  1 .5  scfm. The resul ts  of Test No. 2 a re  shown in Figure 18. 
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Figure 16 

R e s u l t s  of hydrogen  infiltration t e s t  No. 1 

Test C o n d i t i o n s :  

31. box position: Horizontal 
El. box purge f l o w :  0.5 scfm GNZ @ 0 .6  in. H20 
Glove box f l o w :  1 . 0  scflii H 2  @ 0 . 1  i n .  H20 
T ~ i s t r u n i e n t a t i o n :  Mass s p e c t r o m e t e r  

Note:The g l o v e  box was vented f rom t h c  t o p .  
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Figure 18 

Results of hydrogen infiltration test No. 2 

Test Conditions: 

E l .  b o s  position: Horizontal 
El. box p u r g e  f l o w :  0.5 scfm G N 2  @ 0 . 6  in. H70 
Glove box f l o w :  1 . 5  scfm I I 2  !? 0 . 1  in. H70 - 
Instrumentat ion : Fhss spectrometer - 
Note:The g love  box was vented from the bottom. 
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Schematic drawing o f  hydrogen infiltration Test No. 3 setup. 
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Figure 20 
R e s u l t s  o f  hydrogen  i n f i l t r a t i o n  t e s t  No. 3 

Test C o n d i t i o n s :  

B1. box p o s i t i o n :  H o r i z o n t a l  
E l .  box p u r g e  f l o w :  0 . 5  scfm G N 2  @ 0 . 6  i n .  M20 
Glove box f l o w :  1 . 5  scfm H 2  @ 0 . 1  i n .  [I20 
I n s t r u m e n t a t i o n :  Nass s p e c t r o m e t e r  

Note:The g l o v e  box was v e n t e d  'from the  b o t t o m .  
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The final t e s t  was performed a f t e r  reconfiguring the t e s t  set-up. The 

e lec t r ica l  box was placed i n  a vertical  position with the purge bleed f i t t i n g  

and the vent port located 2 inches from the t o p  of the e lec t r ica l  box and a t  

the opposite end. 

and the high probe approximately 1 / 2  inch below the t o p  (see Figure 1 9 ) .  

resul ts  of Test No. 3 are  shown in Figure 20. 

The low probe was located 2 inches from the t o p  of the box 

The 

- Discussion 

The in f i l t r a t ion  t e s t  resul ts  show t h a t  hydrogen will in f i l t ra te /d i f fuse  

into an e lectr ical  enclosure which i s  under purge. After 5 hours of t e s t s ,  

a hydrogen concentration of approximately one percent was obtained a t  the high 

point in the e lec t r ica l  box. 

The f i r s t  two t e s t s  verified t h a t  hydrogen can i n f i l t r a t e  the electr ical  

box, and  the third tes t  showed tha t  a higher concentration of hydrogen will 

accumulate a t  the high point above the bleed p o r t .  

Although the hydrogen concentration w i t h i n  the e lec t r ica l  box did no t  

reach the lower 

could s t i l l  ex is t .  In this ser ies  of t e s t s ,  the purge fdow entered the box 

2 inches from the t o p ,  while the Specification DTI-M-23 shows the purqe 

flow entering the box close t o  the bottom of the box. 

configurations, the purge flow probably creates some turbulence a t  the t o p  

of the box which may have lowered the hydrogen concentration i n  the pocket 

a t  the t o p  o f  the box. 

explosive l imi t  (LEL) of hydrogen, 4%, a hazardous condition 

In the t e s t  
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CONCLUSIONS 

In the t e s t s ,  a hydrogen concentration of approximately 1% was obtained 

a t  the h i g h  point i n  the e lec t r ica l  enclosure. 

operational environment under some unforeseen circumstance, a hydrogen con- 

centration which exceeds the lower explosive l imit  of 4% could be obtained 

unless the e lec t r ica l  enclosures are specif ical ly  designed t o  prevent o r  

minimize diffusion i n t o  the units.  

I t  i s  possible t h a t  in an 

To prevent the accumulation of hydrogen a t  the h i g h  p o i n t  in the 

electr ical  enclosures, the vent p o r t  should be located a t  the h i g h  point 

t o  bleed off the hydrogen buildup, or a p o r t i o n  of the purge gas flow 

should be directed i n t o  the high point t o  create turbulence and prevent 

the hydrogen pocket from forming. 

The diffusion analysis indicates t h a t  most of the hydrogen intrusion 

probablyoccurred a t  the points which present short  leak paths, such as 

the door  seal .  

Nitrogen should be used as the purge gas for  the presently instal led 

electr ical  enclosures. More stringent e lec t r ica l  enclosure design require- 

ments should be imposed before a i r  i s  used t o  purge the enclosures in a poten- 

t i a l  ly  hazardous (hydrogen) environment. 
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APPENDIX 

FORMULAE OF DIFFUSION ANALYSIS 



The diffusion in this analysis is represented by the equation: (2)  

Where: 

C(x,t) = Concentration of diffusing gas (parts per million, PPM) at 

co = Initial concentration of diffusing (PPM) gas at all values 

= Location in one dimensional system (cm) 

any location (x) ,  cm and time (t), secmds. 

o f  x ( 0  and t = 0 - 
X 

t = Time (seconds) 

D 2 = Diffusion coefficient (cm /sec) 

erfc(N) = A standard mathematical function referred to as the 
error-function compliment which represents the gas 
distribution probability (Table 1 ). 

Di ffusi on coeff i ci ent (3) 

0 =Do(+)M (+) 
Where: 

0 

T = Temperature (OK) 

P = Pressure (ATM) 

M = Constant {theoretical) 

Do = Diffusion Coefficient @ To, PO 

= Diffusion coefficient @ t, p 

To = 273O K 

Po = 1.0 ATM 

Minimum purge flow 

Where: 

8 = Flow Volume (cc/sec) 

A 

A x  = Distanc2 of hydrogen diffusion (cm) 

= Flow Area (sq cn) 

A-3 



TABLE 1 

ERROR FUNCTION COMPLEMENT TABLE 

N 
u 
0.0.; 
0. 1 I-! 
0.1; 
0.2i! 
0 . 2 5  
0.3~1 
0.33 
0.41) 
0.43 
0.30 
0.33 
0.60 
0.65 
0.70 
0.7.3 
0.80 
0.8.5 
0.90 
0.9; 

2 i  e r f cN(  
1.1284 
1.0312 
0.9396 
0.8537 
0.7732 
0.6982 
0.6 2 84 
0.5639 
O..i043 
0.4495 
0.3993 
0.3535 
0.3119 
0.2742 
0.2402 
0.2097 
0.1823 
0.1580 
0.1364 
u.1173 

0 
~ .. 

N 
- ~~ 

l.rJ0 
1 . 1  
1.2 
1.3 
1 .4 
1.5 
1.6 
1.7  
1.8 
1.9 
2.0 
2.1 
2.2 
2.3 
2.4 
2.3 
2.6 
2.7 
2.8 
2.9 

__ 

e r f c  N 
.- ~~ 

0.15730 
0.119YO 
0.0%969 
0.06599 
0 .(ti7 i 2 
0.033 90 
0.02 3 6 5 
0.01 621 

0.00721 
Q.00468 
O.OU298 
0.00186 
0.001 14 
0.000689 
0.000107 

0.01 09 1 

O.O(JfJ?:)6 
0.000134 
0.0OofJ7 5 
O . O ~ J ~ J 0 4 1  

2 i  e r f c N  
0.1005 
0.0729 
0.0521 
0.0366 
0.0253 
0.0172 
0.0115 
0.0076 
0.0049 
0.0031 
0.0020 
0.0012 
0.0007 
0.0004 
0.0002 
0.0001 
0.0001 

The e r r o r  f u n c t i o n  and i t s  complement a r e  mathematical  
f u n c t i o n s  which a r e  used t o  d e s c r i b e  t h e  p r o b a b i l i t y  
d i s t r i b u t i o n  f o r  d i f f u s i o n  and hea t  t r a n s f e r  processes (6 ) .  
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